Hospital, Taplow, Bucks, England DURING recent years the concept that demyelination in the central nervous system may occur as the end result of an auto-sensitization process has been gaining ground. The increase in the knowledge of such iprocesses under laboratory conditions has brought this field nearer to other branches of medicine which have been developing in a similar direction.
Experimental allergic encephalomyelitis was discovered by two groups of workers (Morgan, 1946; Kabat et al., 1946) who found that in monkeys injections of an emulsion of central nervous tissue homogenized with the Freund adjuvants, which contain acid-fast bacilli, resulted in the production of an encephalomyelitis with demyelinating lesions of the white matter. The neurological lesions appeared within a few weeks and frequently were fatal. Subsequently other animals were found to be susceptible, such as rabbits, guineapigs, dogs, rats and mice. Homologous, heterologous and autologous brain tissues were found to be effective. All the constituents of the emulsion had to be injected simultaneously at the same site, and either single or multiple injections could be used. Typically in guineapigs one sees from the thirteenth day onwards lesions showing cellular infiltration of the vein walls ( Fig. 1 ), areas of perivascular demyelination in the cerebral white matter (Fig. 2) By substituting thyroid gland extracts for the central nervous tissue in the injection material, Rose and Witebsky (1956) found that they could produce thyroiditis in rabbits. This condition was associated with a high titre of circulating antibodies to the thyroid extracts. Similarly Colover and Glynn (1958) by adding homologous adrenal gland to modified Freund adjuvants were able to produce adrenalitis in guinea-pigs. Prior to this Waksman and Adams (1955, 1956) produced an allergic neuritis in various animals by incorporating peripheral nerve 'Assisted by a grant from the Medical Research Council. SEPTEMBER tissue into the injected emulsion instead of brain or spinal cord. They stressed the importance of species differences in this condition. Thus in the rabbit the lesions occurred mainly in the sensory root ganglia, whereas in the guinea-pig the nerve trunks were mainly affected. Unlike the encephalitis, in none of these conditions were structural changes seen in the blood vessels, which would support the view that the parenchymal damage was not merely the result of merhanical obstruction of the blood vessels.
Species differences have also been noted in allergic encephalomyelitis. Thus in monkeys, himorrhages, necrosis, and large areas of demyelination occur. In rabbits on the other hand (Waksman) necrosis is only seen very occasionally, and the location of the lesions is mainly spinal. In contrast to this in guinea-pigs cerebral lesions are very common and with the exception mentioned later, necrosis does not occur. Because of these species differences it may be very difficult to equate the disease in one species with another. In spite of this the view has been put forward that its human equivalent is post-infectious encephalitis. However, as a result of the work of Uchimura and Shiraki (1957) it is believed that the human equivalent is post-rabies-vaccination encephalomyelitis. This condition occurs in some subjects after repeated injection of an emulsion containing attenuated rabies virus in spinal cord. Histologically it occupies a position intermediate between post-infectious encephalitis and disseminated sclerosis, in my opinion. Substances Capable ofProvoking Allergic Encephalomyelitis C.N.S. fractions.-It is obvious that further knowledge about the substances responsible for the development of allergic encephalomyelitis might help in understanding its fundamental nature. Lumsden (1949) found that acetone extraction of brain tissue did not destroy its activity. Using bovine spinal cord, treated in this way, as a starting material, Roboz extracted 2 fractions, both of which are active in guinea-pigs. The first (Kies, Roboz and Alvord, 1956 ) was obtained by autoclaving and behaves as a single substance on paper electrophoresis. Chemically it is similar to collagen or gelatin, and has a hydroxyproline content of over 12 %. Because of this it has been called the collagen-like substance. Colover (1957b, 1957c, 1958) has found a single injection containing 0.2 mg. of this material is effective in guinea-pigs and thus confirmed its activity. The second fraction prepared by Dr. Roboz was extracted with 5 % KCI and although it is not a pure substance is more active than the collagen-like fraction. As little as .004 mg. induced a 50% morbidity index in guinea-pigs (Kies, Roboz and Alvord, 1957) . Colover (1957c Colover ( , 1958 has also found this material active. The proteo-lipid obtained by Folch and Lees (1951; Folch et al., 1957) by extraction of bovine spinal cord with a mixture of chloroform and ethanol is active in rabbits and mice, but not in guinea-pigs. Lipton (1957) has obtained a lipid fraction active in guinea-pigs by extracting bovine spinal cord with petroleum ether.
Bacillary fractions.-Using intramuscular injections, Colover (1954) found that a crude residue left after extraction of heat-killed human tubercle bacilli with acetone and isopropyl ether was still active. Similar results had been found independently by Allagranza and Rovescalli (1954) . Further work on this crude active residue (Colover and Consden, 1955 , 1956 , 1957 Colover, 1956 Colover, , 1957a showed that it could be treated with acid, alkali, proteolytic enzymes, and further fat solvents and that the purified residue thus obtained was still quite active. Using another method of injection it was found by White et al. (1957) , White and Marshall (1958) , and by Colover (1957c Colover ( , 1958 independently that a wax material, Wax D Canetti prepared by Dr. J. Asselineau and supplied by Dr. E. Lederer, could induce allergic encephalitis in guinea-pigs. In this method a single injection of 0-2 ml. of an emulsion containing 0 085 ml. Bayol F, 0-015 ml. Arlacel A, 0 1 ml. saline, 1 mg. bacillary fraction and 16 mg. unheated homologous wet brain emulsion, was injected subcutaneously in the dorsum of the hind-foot. By the previous technique Wax D Canetti had only given an occasional positive result (Colover, 1957b (Colover, , 1958 .
The purified residue was found to be composed of about 70% protein or peptide, 12% polysaccharide, and about 10% mycolic acid. The principal amino acids in the protein or peptide fraction were glutamic acid, alanine and diaminopimelic acid. The polysaccharide was mainly composed of glucose and galactose (Colover and Consden, 1956) . The Wax D Canetti was composed (E. Lederer) of about 50% mycolic acid, 45% polysaccharide and about 5 % of peptide made up of 3 amino acids, glutamic acid, alanine and diaminopimelic acid. Thus both the active fractions contain similar amino acids as well as mycolic acid, but the sugars making up the polysaccharide moieties of Wax D Canetti and the active residue are apparently different. Recently a sample of chromatographically pure Wax D Canetti kindly supplied by Dr. Lederer has been found to be active by the method detailed above. This is the first pure chemically defined bacillary agent which has been found to be active. Using this same method of injection the following substances have been found to be inactive when tried on groups of 6 guinea-pigs: lipopeptide from Nocardia asteroides, peptide polysaccharide from Wax D Canetti, mycoloyl-alanyl-glycine (E. Lederer). Methyl Section of Comparative Medicine with Section of Pathology 747 mycolate (E. Lederer) and peptide from E. megatherium (R. E. Strange) were negative by the intramuscular technique referred to earlier. Results of Combining Purified Bacillary and C.N.S. Fractions The activity of the crude residue (Colover, 1954) and the purified residue (Colover and Consden, 1956 ) was confirmed by Kies et al. (1958) who combined it with their bovine spinal cord KCl extract. At the same time Colover (1957c, 1958) found that the collagenlike fraction prepared by Dr. Roboz was active together with the purified bacillary residue. Also I found the crude Wax D Canetti gave positive results with both spinal cord fractions. More recently it has been found that chromatographically pure Wax D Canetti (1 mg.) combined with electrophoretically pure collagen-like substance (0-2 mg.) induced allergic encephalitis in 4 out of 6 guinea-pigs, so that it is now evident that this condition has been produced by combining 2 apparently pure chemical substances (Colover, 1958 Xrecognized in guinea-pigs was seen. It I developed at the same time as the other lesions but was characterized by intense infiltration with polymorphs and micro-4 * >** * Ww + *. . glia and small areas of necrosis (Fig. 3) . The investigation of the immunologiis infiltrated with polymorphonuclear leucocytes cal aspects of this condition is still in its and microglial cells and histologically is quite infancy. At present the only positive distinct from the reaction shown in Fig. 1. x 350 . finding has been a positive skin reaction (Hoematoxylin and eosin.)**to an intradermal injection of 01-ml. of 1:100 solution of whole bovine spinal cord KCl extract made by Dr. Roboz in animals which have had this material together with adjuvants. At forty-eight hours the skin at the injection site showed erythema, cedema and occasional necrosis. This suggests that one may be dealing with the delayed type of sensitization to central nervous tissue. However, further work is required on this subject. The mechanism by which the bacillary fraction enables the animal to produce an immune reaction directed against its own tissues provides an exciting field for future study. It is certain that this subject would repay further immunological investigation and in view of the possible species differences which may be present, such an investigation should include human cases of demyelinating disease.
